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9DULDWLRQYRQ6SHNWUDOZHUWIXQNWLRQHQIU
XQWHUVFKLHGOLFKH3UREDQGHQXQG/LFKWVLWXDWLRQHQ
Stubenrauch, N.; Schierz, Ch., TU Ilmenau  
3UREOHPVWHOOXQJXQG)RUVFKXQJVIUDJHQ
/('VJOHLFKHU)DUEWHPSHUDWXUXQGJOHLFKHQ)DUERUWHVN|QQHQIUYHUVFKLHGHQH%HREDFK
WHU VHKU XQWHUVFKLHGOLFK DXVVHKHQ GD GLH EHNDQQWHQ 6SHNWUDOZHUWIXQNWLRQHQ QLFKW DOOH
6SHNWUHQ JXW EHVFKUHLEHQ $XHUGHP VLQG GLH )XQNWLRQHQ IU DOOH 3UREDQGHQ XQG 9HU
VXFKVEHGLQJXQJHQHLQKHLWOLFK$EHUZHOFKHQ(LQIOXVVKDWGLH/LQVHQYHUJLOEXQJXQG&KD
UDNWHULVWLN GHU0DNXOD":LH EHHLQIOXVVHQ DQGHUH8PVWlQGHZLH GDV6WUHXOLFKW LP$XJH
XQGGDVJHQXW]WH6SHNWUXPGLH)DUEZDKUQHKPXQJ"
6WDQGGHU:LVVHQVFKDIW7HFKQLN
'HU*URWHLOGHUKHXWLJHQ0HVVWHFKQLNQXW]WGLH1RUPVSHNWUDOZHUWIXQNWLRQHQGHU&,(YRQ
 IU GDV  %HREDFKWHUIHOG 'DQHEHQ H[LVWLHUHQ YHUVFKLHGHQH DQGHUH6SHNWUDOZHUW
IXQNWLRQHQ]XP%HLVSLHOGLHGHU&,( RGHUGLH)XQNWLRQHQGHU&,(YRQ
'HV:HLWHUHQJLEWHVMQJHUH8QWHUVXFKXQJHQYRQ&687,XQG32/67(5GHUHQ)XQNWLRQHQ
HLQH GHXWOLFK EHVVHUH hEHUHLQVWLPPXQJ YRQ EHUHFKQHWHU XQG ZDKUJHQRPPHQHU )DUEH
HUUHLFKHQ (V LVW ]X YHUPXWHQ GDVV HLQLJH )XQNWLRQHQ EHVVHU IU lOWHUH 3UREDQGHQ IU
9HUVXFKVEHGLQJXQJHQPLWHLQHPJURHQ%HOHXFKWXQJVQLYHDXRGHUDQGHUH5DKPHQEHGLQ
JXQJHQSDVVHQ$XHUGHPLVWGHU(LQIOXVVGHU%HREDFKWHUIHOGJU|HZLFKWLJRGHU
)RUVFKXQJVK\SRWKHVHQ
x 'LH 6SHNWUDOZHUWIXQNWLRQHQ XQWHUVFKLHGOLFKHU $OWHUVJUXSSHQ XQG 9HUVXFKVEHGLQ
JXQJHQZLHGHU/HXFKWGLFKWHXQWHUVFKHLGHQVLFKVLJQLILNDQWYRQHLQDQGHU
x 'HU (LQIOXVV GHV $OWHUV WULWW EHLP 9HUJOHLFK YRQ /('/LFKWIHOGHUQ DEKlQJLJ YRP
6SHNWUXPXQWHUVFKLHGOLFKVWDUNKHUYRU)U MHGHV6SHNWUXPNDQQHLQ0HWDPHULHLQ
GH[UHFKQHULVFKKHUYRUJHVDJWZHUGHQ
x 'HU (LQIOXVV GHU UHWLQDOHQ /HXFKWGLFKWH WULWW EHLP 9HUJOHLFK YRQ /('/LFKWIHOGHUQ
DEKlQJLJYRP6SHNWUXPXQWHUVFKLHGOLFKVWDUNKHUYRU)UMHGHV6SHNWUXPNDQQHLQ
0HWDPHULHLQGH[UHFKQHULVFKKHUYRUJHVDJWZHUGHQ
9HUVXFKVDXIEDX
'HU3UREDQGEHZHUWHW)DUEXQWHUVFKLHGH LQHLQHPPLWWLJJHWHLOWHQNUHLVUXQGHQ OHXFKWHQ
GHP7HVW]HLFKHQXPJHEHQYRQHLQHUJOHLFKPlLJHQ%HOHXFKWXQJ%HLGH)HOGKlOIWHQXQ
WHUVFKHLGHQ VLFK LP 6SHNWUXP ZREHL GHU )DUERUW JOHLFK EOHLEW 'DV 5HIHUHQ]IHOG EOHLEW
JOHLFK XQG GDV7HVWIHOG YDULLHUW LQ HLQHP0XVWHU YRQ HWZD )DUE|UWHUQ'XUFK VHFKV
IDUELJHXQGGUHLZHLH/('VPLWGHQHQGLH6SHNWUHQIOH[LEHOHU]HXJWZHUGHQN|QQHQXQ
WHUVFKLHGOLFKVWH.RPELQDWLRQHQYRQGHQ3UREDQGHQEHZHUWHWZHUGHQ
(UJHEQLVVHLP9HUJOHLFKPLWELVKHULJHQ(UJHEQLVVHQ
,QELVKHULJHQ6WXGLHQKDEHQGLH)XQNWLRQHQYRQ32/67(5XQDEKlQJLJYRP$OWHUGHU3UR
EDQGHQGLHEHVWHQ(UJHEQLVVHJHOLHIHUW'LH8QWHUVXFKXQJGHU/LQVHQYHUJLOEXQJ]HLJWZLH
HUZDUWHWHLQHJURH6WUHXXQJXQGHUVFKZHUWGLH*UXSSLHUXQJGHU3UREDQGHQ
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9DULDWLRQRIWKHFRORUPDWFKLQJIXQFWLRQVIRUGLIIHUHQW
VXEMHFWVDQGOLJKWLQJVLWXDWLRQV
Stubenrauch, N.; Schierz, Ch., TU Ilmenau  
5HVHDUFKLVVXH
/('VZLWKLGHQWLFDOFRORUWHPSHUDWXUHVDQGFKURPDWLFLW\FRRUGLQDWHVGRQRWDOZD\VDSSHDU
WKH VDPH IRU D KXPDQREVHUYHU 7KLV LV GXH WR WKH IDFW WKDW WKH NQRZQ FRORUPDWFKLQJ
IXQFWLRQV DUH QRW IXOO\ DSSURSULDWH IRU PRVW RI WKH VSHFWUD 7KHUH FDQQRW EH RQH FRORU
PDWFKLQJ IXQFWLRQ IRUDOOSHRSOHDQGFLUFXPVWDQFHV%XWZKLFKGLIIHUHQFHVH[LVWEHWZHHQ
SHRSOHRIGLIIHUHQWVWDWHVRIOHQV\HOORZLQJDQGGLIIHUHQWFKDUDFWHULVWLFRIWKHPDFXOD"+RZ
GRRWKHUFLUFXPVWDQFHVOLNHPRUHVFDWWHUHGOLJKWRUDVSHFWUXPZLWKPRUHSHDNVLQIOXHQFH
WKHFRORUSHUFHSWLRQ"
6WDWHRIVFLHQFHWHFKQRORJ\
7KHPDMRULW\RIFRORUPHDVXUHPHQWGHYLFHVXVHWKH&,(WULVWLPXOXVYDOXHVIRUWKH
YLVXDODQJOHREVHUYHU+RZHYHURWKHUFRORUPDWFKLQJIXQFWLRQVH[LVWIRUH[DPSOHWKH&,(
YDOXHVRUWKHIXQFWLRQVSXEOLVKHGE\&,(LQ,QDGGLWLRQUHFHQWLQYHVWLJD
WLRQIURP&687,DQG32/67(5UHVXOWVLQEHWWHUILWWLQJFXUYHV0D\EHVRPHVHWRIFXUYHVDUH
EHVWIRUROGHUSHRSOHRUIRURWKHUYLHZLQJFRQGLWLRQVOLNHGLIIHUHQWOXPLQDQFHOHYHOV(TXDOO\
LPSRUWDQWLVWKHLQIOXHQFHRIWKHYLHZLQJILHOGVL]HRU
5HVHDUFKK\SRWKHVLV
x &RORUPDWFKLQJIXQFWLRQVEHVWILWWLQJIRUGLIIHUHQWJURXSVRIFRQGLWLRQVGLIIHUVLJQLILFDQW
O\
x 7KHLQIOXHQFHRIWKHDJHRQFRORUSHUFHSWLRQGLIIHUVGHSHQGHQWRQWKHVSHFWUXP$PH
WDPHULVPLQGH[FDQEHSUHGLFWHG
x 7KH LQIOXHQFH RI WKH UHWLQDO OXPLQDQFH RQ FRORU SHUFHSWLRQ GLIIHUV GHSHQGHQW RQ WKH
VSHFWUXP$PHWDPHULVPLQGH[FDQEHSUHGLFWHG
([SHULPHQWDOVHWXS
7KHVXEMHFWKDVWRHYDOXDWHFRORUGLIIHUHQFHVEHWZHHQWZRVHPLFLUFXODUOXPLQRXVDUHDV,W
LVSODFHGLQIURQWRIDXQLIRUPLOOXPLQDWHGILHOGORRNLQJDWWKHWHVWV\PERO(DFKDUHDFRQ
WDLQVDQRWKHUVSHFWUXPEXWQHDUO\WKHVDPHFRORUFRRUGLQDWHV2QHVHPLFLUFXODUDUHDUH
PDLQVVWHDG\DVDUHIHUHQFH7KHRWKHUFKDQJHVLWVFRORUZLWKLQDQDUURZSDWWHUQRIDERXW
FKURPDWLFLW\SRLQWV7KHSURYLGHG/('VRIWKHFLUFXODUWHVWV\PERODUHZKLWH.
..DQGFRORUHGGRPLQDQWZDYHOHQJWKVQPQPQPQP
QPDQGQP7KHUHE\GLIIHUHQWFRPELQDWLRQVRIVSHFWUDFDQEHLQYHVWLJDWHGE\
GLYHUVHVXEMHFWV
5HVXOWVLQFRPSDULVRQZLWKSUHYLRXVILQGLQJV
,QSUHYLRXVVWXGLHV32/67(5C6FRORUPDWFKLQJIXQFWLRQVVKRZWKHEHVWDJUHHPHQWEHWZHHQ
FRORUGLIIHUHQFHDQGKXPDQSHUFHSWLRQLQGHSHQGHQWWRWKHVXEMHFWDJH7KHHVWLPDWLRQRI
WKHOHQV\HOORZLQJGHPRQVWUDWHVWKHKXJHYDULDQFHEHWZHHQREVHUYHUVDQGPDNHJURXSLQJ
GLIILFXOW
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9DULDWLRQYRQ6SHNWUDOZHUWIXQNWLRQHQIU
XQWHUVFKLHGOLFKH3UREDQGHQXQG/LFKWVLWXDWLRQHQ
Stubenrauch, N.; Schierz, Ch., 
Fachgebiet Lichttechnik / TU Ilmenau  
Postfach 100565, 98693 Ilmenau  
Zusammenfassung 
8PDXVVSHNWUDOHQ9HUWHLOXQJHQ)DUENRRUGLQDWHQ]XEHUHFKQHQH[LVWLHUHQVHLWGLH
1RUPVSHNWUDOZHUWIXQNWLRQHQGHU&,(ZHOFKHGHQ IDUEPHWULVFKHQ1RUPDOEHREDFKWHUGHIL
QLHUHQ9RQ$QIDQJ DQ VWDQGHQ GLHVH)XQNWLRQHQ XQWHU.ULWLNZHLO GHU8QWHUVFKLHG ]ZL
VFKHQ 1RUPDOEHREDFKWHU XQG LQGLYLGXHOOHU )DUEZDKUQHKPXQJ JUR VHLQ NDQQ 'LHV IlOOW
EHVRQGHUVEHL/('$QZHQGXQJHQDXI(VZXUGHQZHLWHUHDOWHUQDWLYH6SHNWUDOZHUWIXQNWLR
QHQYRUJHVFKODJHQ$XIJUXQGGHU8QWHUVFKLHGH]ZLVFKHQGHQ0HQVFKHQ ]%$OWHUVHLQ
IOVVH XQG GHQ 9HUVXFKVEHGLQJXQJHQ ]% %HOHXFKWXQJVQLYHDX 6SHNWUHQ LP 8PIHOG
)HOGJU|HXQWHUVFKHLGHQVLFKGLHVHVWDUN+LHUZLUGXQWHUVXFKWZLHYHUVFKLHGHQH(LQIOV
VHGLH6SHNWUDOZHUWIXQNWLRQHQYHUlQGHUQXQGZLHPDQGHQ5HVWIHKOHUPLW0HWDPHULHLQGH
[HQEHVFKUHLEHQNDQQXPGLHVHIU$QZHQGXQJHQNRUULJLHUHQ]XN|QQHQ
 0RWLYDWLRQ
 %HNDQQWH6SHNWUDOZHUWIXQNWLRQHQXQGLKUH8QWHUVFKLHGH
/('VPLW LGHQWLVFKHP)DUERUWN|QQHQIUXQWHUVFKLHGOLFKH%HREDFKWHUVWDUNXQWHUVFKLHG
OLFKDXVVHKHQ0HVVWHFKQLVFKZHUGHQGLH)DUE|UWHUPHLVWPLWGHQ1RUPVSHNWUDOZHUWIXQNWL
RQHQGHU&,(YRQ>&,(@EHZHUWHWXQGJHELQQW1HEHQGLHVHQJLEWHVQRFK
ZHLWHUH 6SHNWUDOZHUWIXQNWLRQHQ IU  XQG %HREDFKWHUIHOGJU|H =XP %HLVSLHO GLH
1RUPVSHNWUDOZHUWIXQNWLRQHQGHU&,(YRQIU)HOGHU>&,(@XQGLKUH1DFK
IROJHUYRQXQG>&,(@$XHUGHPZXUGHQZHLWHUH9DULDWLRQHQGHU
EHNDQQWHQ )XQNWLRQHQ YRUJHVFKODJHQ 6R KDEHQ -8'' 	 926 >2SV@ EHUHLWV  GLH
)XQNWLRQHQYRQEHUDUEHLWHWXQGZHLWHUHQWZLFNHOW&687,	6&+$1'$ >&VX@VRZLH
32/67(5 >3RO@ KDEHQDQ%HLVSLHOHQJH]HLJW GDVV GXUFKHLQH9HUVFKLHEXQJGHU DQJH
QRPPHQHQ(PSILQGOLFKNHLWGHU6=DSIHQGLHhEHUHLQVWLPPXQJYRQPHVVWHFKQLVFKPHWD
PHUHQ6SHNWUHQPLWGHUYLVXHOOHQ(PSILQGXQJGHXWOLFKYHUEHVVHUWZHUGHQNDQQ
%HLGLHVHU9LHOIDOWDQ8QWHUVXFKXQJHQXQG6SHNWUDOZHUWIXQNWLRQHQZLUGGHXWOLFKGDVVHV
NHLQHDOOJHPHLQJOWLJHQ)XQNWLRQHQJHEHQNDQQGLHPLWGHP6HKHQDOOHU0HQVFKHQJXW
EHUHLQVWLPPW=XGLHVHU(UNHQQWQLVLVWDXFK6$5.$5JHNRPPHQXQGKDWLQVHLQHQ8QWHU
VXFKXQJHQ DFKW %HREDFKWHUJUXSSHQ NODVVLIL]LHUW >6DU@ 'LHVH *UXSSHQ XQWHUVFKHLGHQ
VLFKWHLOZHLVHVHKUGHXWOLFKLQLKUHQ6SHNWUDOZHUWIXQNWLRQHQ,QGHU3UD[LVZHLVWGLHVHV9HU
IDKUHQ MHGRFK JURH 3UREOHPH DXI GD LPPHU %HREDFKWHU YHUVFKLHGHQHU *UXSSHQ HLQH
/LFKWVLWXDWLRQEHWUDFKWHQ
9LHOH8UVDFKHQIUGLH8QWHUVFKLHGHLQGHQ6SHNWUDOZHUWIXQNWLRQHQVLQGEHNDQQW>:HE@
7HLOZHLVHVLQGGLHVHDXIGLHXQWHUVFKLHGOLFKHQ9HUVXFKVEHGLQJXQJHQ]XUFN]XIKUHQ-H
QDFK YHUZHQGHWHU /HXFKWGLFKWH EHL2EMHNW XQG8PIHOG VFKZDQNW GHU (LQIOXVV GHU 6WlE
742
FKHQ>6WL@XQGGXUFKGLH:DKOYRQ*U|HXQG$QRUGQXQJGHV7HVW]HLFKHQVEHHLQIOXVVW
GLH*HOEIlUEXQJGHU0DNXODGLH)DUEZDKUQHKPXQJXQWHUVFKLHGOLFK
$XFKGLH3UREDQGHQJUXSSHQXQWHUVFKHLGHQVLFK]ZLVFKHQGHQ9HUVXFKHQGHXWOLFK'XUFK
GDV XQWHUVFKLHGOLFKH$OWHU LVW GLH /LQVHQYHUJLOEXQJ XQWHUVFKLHGOLFK VWDUN DXVJHSUlJW XQG
YHUlQGHUWGLH6SHNWUHQDXIGHU1HW]KDXWWHLOZHLVHGHXWOLFK>3RN@$XHUGHPLVWEHNDQQW
GDVVHVQLFKWQXUGUHL*UXSSHQYRQ=DSIHQJLEWVRQGHUQGLHVH8QWHUJUXSSHQDXIZHLVHQ
(VJLEWELVKHUMHGRFKNHLQHQHLQIDFKHQ7HVWXPGLH+lXILJNHLWGHU8QWHUJUXSSHQYRQ=DS
IHQ]XHUPLWWHOQ
(VLVWDOVRGXUFKDXVP|JOLFKGDVVDOOH6WXGLHQIULKUHQ9HUVXFKVDXIEDXXQGIULKU3UR
EDQGHQNROOHNWLY GLH EHVWP|JOLFKHQ 6SHNWUDOZHUWIXQNWLRQHQ HUPLWWHOW KDEHQ 'LHVH VWHOOHQ
MHGRFKQLFKWGLHEHVWP|JOLFKH/|VXQJIUGLH$OOJHPHLQKHLWGDU
 $OWHUVHLQIOXVV
:LH]XYRU HUZlKQW YHUlQGHUW VLFKGLHPHQVFKOLFKH/LQVH LP$OWHU VLH YHUJLOEW(V VWHKW
DXHU)UDJHGDVVVLFKGLH7UDQVPLVVLRQDEVROXWXQGVSHNWUDOYHUULQJHUWXQGVLFKGDGXUFK
GLH6SHNWUDOZHUWIXQNWLRQHQYHUlQGHUQ,QYLHOHQELVKHULJHQ8QWHUVXFKXQJHQKDWVLFKDEHU
JH]HLJWGDVVDOWHUVDEKlQJLJH)XQNWLRQHQZLHVLHPLWGHQ1RUPVSHNWUDOZHUWIXQNWLRQHQGHU
&,(YRQH[LVWLHUHQNHLQHJXWHQhEHUHLQVWLPPXQJHQ]XGHQYLVXHOOHQ8UWHLOHQOLHIHUQ
)XQNWLRQHQZHOFKHDOWHUVDQJHSDVVWVLQGHUJHEHQNHLQHVLJQLILNDQWEHVVHUHQ$EJOHLFKHU
JHEQLVVHDOVGLH6WDQGDUGIXQNWLRQHQIUMlKULJH3UREDQGHQ>1RU@'DVLVWGDUDXI]X
UFN]XIKUHQ GDVV GLH /LQVHQDOWHUXQJ VLFK ]ZLVFKHQ GHQ 0HQVFKHQ DXFK XQWHU $XV
VFKOXVV YRQ $XJHQNUDQNKHLWHQ ZLH GHP JUDXHQ 6WDU VHKU VWDUN XQWHUVFKHLGHW 'LH JH
QDXHQ8UVDFKHQIUGLHVH8QWHUVFKLHGHVLQGXQNODU(LQH9HUPXWXQJOLHJWLP$XVPDGHU
RNXODUHQ89([SRVLWLRQ>3RN@
 (LQIOXVVGHU/HXFKWGLFKWHQYRQ7HVW]HLFKHQXQG8PIHOG
(LQ JURHU 8QWHUVFKLHG GHU EHNDQQWHQ 8QWHUVXFKXQJHQ OLHJW LQ GHQ /HXFKWGLFKWHQ YRQ
7HVW]HLFKHQ XQG 8PIHOG -H QDFK UHWLQDOHP %HOHXFKWXQJVQLYHDX XQWHUVFKHLGHW VLFK GHU
(LQIOXVVGHU6WlEFKHQDXIGLH)DUEXQG+HOOLJNHLWVZDKUQHKPXQJGHXWOLFK>6WL@
)UKH8QWHUVXFKXQJHQKDEHQPLW7HPSHUDWXUVWUDKOHUQXQGHQWVSUHFKHQGHQ)LOWHUQJHDU
EHLWHWXP6SHNWUHQJH]LHOW]XYHUlQGHUQXQG)DUE|UWHU]XHUUHLFKHQ'DPDQVLFKYRUDO
OHPPLW.|USHUIDUEHQEHVFKlIWLJWKDWZXUGHQ LQ9HUVXFKVDXIEDXWHQQXUYHUJOHLFKEDUJH
ULQJH/HXFKWGLFKWHQYHUZHQGHW+HXWHZLUGGHU(LQIOXVVYRQKRKHQ/HXFKWGLFKWHQ LPPHU
ZLFKWLJHU GD VLH DXFK LQ GHU 3UD[LV YHUZHQGHW ZHUGHQ 'HU 8QWHUVFKLHG GHU %HOHXFK
WXQJVVWlUNH LP$XJHXQGIROJOLFKDXFKGHU%HWHLOLJXQJGHU6WlEFKHQVROOXQWHUVXFKWZHU
GHQ
 0HWDPHULHLQGH[
6HOEVWXQWHUGHU$QQDKPHHLQHV LGHDOHQ1RUPDOEHREDFKWHUVJLEWHV LPPHUQRFK'LVNUH
SDQ]HQ]ZLVFKHQZDKUJHQRPPHQXQGUHFKQHULVFK LGHQWLVFKHQ)DUEHQ$XIJUXQGYRQ ,Q
WUDXQG,QWHUEHREDFKWHUVWUHXXQJHQ]%XQWHUVFKLHGOLFKH8QWHUJUXSSHQHLQ]HOQHU5H]HS
WRUHQ >6WR@ZLUGHV LPPHUHLQHQ%HUHLFKXQGNHLQHQH[DNWHQ:HUW IUHLQHQ$EJOHLFK
JHEHQ $XHUGHP LVW HV RIW GHU )DOO GDVV YHUVFKLHGHQH 3UREDQGHQJUXSSHQ ]% YHU
VFKLHGHQH$OWHUVNODVVHQ)DUEHQ]XVlW]OLFKDXVYHUVFKLHGHQHQ%HREDFKWHUIHOGJU|HQVH
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KHQ'DKHULVWHVZLFKWLJDEVFKlW]HQ]XN|QQHQZLHJURGHU(LQIOXVVGLHVHU8QWHUVFKLH
GHIUGDVMHZHLOLJHYHUZHQGHWH6SHNWUXPLVW
0LWGHP0HWDPHULHLQGH[IU%HREDFKWHUIHOGJU|H0,%KDW32/67(5HLQH0|JOLFKNHLWJH
OLHIHUWGLHVHQ(LQIOXVV]XEHVFKUHLEHQ>3RO@'DEHLJOHLFKWVLH]ZHL6SHNWUHQLP)DU
EHQUDXPDXIHLQDQGHU DE XQG EHUHFKQHW LP$QVFKOXVV GHQ)DUEDEVWDQG LP  )DUEHQ
UDXP'HU)DUEDEVWDQG LQGHU8&6)DUEWDIHOGHU&,(YRQVWHOOWGDQQGHQ:HUW IU
GHQ0,%GDU'DEHLKDWVLFKJH]HLJWGDVVGHU0,% LQHLQHPIUGLH3UD[LVEHGHXWHQGHQ
%HUHLFKYDULLHUW
 )RUVFKXQJVIUDJHQ
x 'LH 6SHNWUDOZHUWIXQNWLRQHQ XQWHUVFKLHGOLFKHU $OWHUVJUXSSHQ XQG 9HUVXFKVEHGLQ
JXQJHQZLHGHU/HXFKWGLFKWHXQWHUVFKHLGHQVLFKVLJQLILNDQWYRQHLQDQGHU
x 'HU (LQIOXVV GHV $OWHUV WULWW EHLP 9HUJOHLFK YRQ /('/LFKWIHOGHUQ DEKlQJLJ YRP
6SHNWUXPXQWHUVFKLHGOLFKVWDUNKHUYRU)U MHGHV6SHNWUXPNDQQHLQ0HWDPHULHLQ
GH[UHFKQHULVFKKHUYRUJHVDJWZHUGHQ
x 'HU (LQIOXVV GHU UHWLQDOHQ %HOHXFKWXQJVVWlUNH WULWW EHLP 9HUJOHLFK YRQ /('
/LFKWIHOGHUQDEKlQJLJYRP6SHNWUXPXQWHUVFKLHGOLFKVWDUNKHUYRU)UMHGHV6SHNW
UXPNDQQHLQ0HWDPHULHLQGH[UHFKQHULVFKKHUYRUJHVDJWZHUGHQ
 9HUVXFKVYRUEHUHLWXQJ
 0HFKDQLVFKHU$XIEDX
=XU8QWHUVXFKXQJZXUGHHLQH$EPXVWHUXQJVNDELQHHQWZRUIHQZHOFKHHLQH9LHO]DKODQ
9DULDWLRQHQDQ7HVW]HLFKHQXQG8PIHOGHUODXEW$EE>+DD@


$EE9HUVXFKVDXIEDX]XU%HZHUWXQJYRQ)DUEXQWHUVFKLHGHQ
'HU3UREDQGVLW]WDXIHLQHPK|KHQYHUVWHOOEDUHQ6WXKOYRUGHU%R[/P%P
+P'HU.RSILVWPLW+LOIHHLQHU.LQQ.RSI6WW]HIL[LHUW'LH%HWUDFKWXQJGHV7HVW
]HLFKHQVHUIROJWPRQRNXODU%HLP%OLFN LQGLH%R[ LVWGDV7HVW]HLFKHQHWZDPHQWIHUQW
0LW +LOIH HLQHU %OHQGH P YRU GHP7HVW]HLFKHQ NDQQ GHVVHQ VLFKWEDUH*U|H YDULLHUW
ZHUGHQ+LHUVLQG%HREDFKWHUIHOGJU|HQYRQXQGYRUJHVHKHQ'XUFKHLQHQ/LFKW
WXQQHO ZLUG GHU (LQIOXVV GHU 8PIHOGEHOHXFKWXQJ DXI GDV 7HVW]HLFKHQ PLQLPDO JHKDOWHQ
(LQH/('3ODWLQH]XU(U]HXJXQJGHU7HVW]HLFKHQVSHNWUHQ LVWKLQWHUHLQHP0LVFK]\OLQGHU
EHVWHKHQGDXV]ZHL.DPPHUQDQJHEUDFKWXQGNDQQEHL%HGDUIJHWDXVFKWZHUGHQ
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 6SHNWUHQ
'LH /('3ODWLQH LP 9HUVXFKVDXIEDX LVW JHQDX ZLH GHU 0LVFK]\OLQGHU XQG GDV 7HVW]HL
FKHQLQ]ZHL7HLOHJHWHLOW$XIMHGHUEHILQGHQVLFKVHFKVYHUVFKLHGHQHIDUELJH/('VGR
PLQDQWH :HOOHQOlQJHQ YRQ QP QP QP QP QP QP VRZLH
GUHL ZHLH /('7\SHQ XQWHUVFKLHGOLFKHU lKQOLFKVWHU )DUEWHPSHUDWXU . .
.'XUFKGLHVHYHUVFKLHGHQHQ/('VNDQQHLQJURHU*DPXWDXIJHVSDQQW $EE
XQGHLQH9LHO]DKODQ6SHNWUDOYHUWHLOXQJHQUHDOLVLHUWZHUGHQ

$EE*DPXWZHOFKHUPLWGHQYHUZHQGHWHQ/('VDXIJHVSDQQWZLUG
)UGLH8PIHOGEHOHXFKWXQJZXUGHQGLHZHLHQ/('VJHQXW]WZHOFKHDXFKDXIGHU3ODWLQH
YHUEDXWVLQG'LH8PIHOGEHOHXFKWXQJNDQQVRPLWLPZHLHQ%HUHLFKZHLWJHKHQGDQGLH
)DUEHGHV7HVW]HLFKHQVDQJHSDVVWZHUGHQVRGDVVVLHVLFKQXULP6SHNWUXPXQWHUVFKHL
GHQ
 9HUIDKUHQ
0LWHLQHUVHOEVWHUVWHOOWHQ6RIWZDUHLVWHVP|JOLFKHLQ5DVWHUYRQ)DUE|UWHUQLQHLQHP]X
YRUIHVWJHOHJWHQ)DUEHQUDXP]XGHILQLHUHQYRUHLQJHVWHOOWVLQG&,(&,(
&,(	78,/	,P9HUVXFKZLUGHLQH7HVW]HLFKHQKlOIWHDOV5HIH
UHQ]NRQVWDQWEOHLEHQXQGGLH]ZHLWHLQQHUKDOEHLQHV5DVWHUV$EEOHLFKWYDULLHUW%HLGH
6SHNWUHQVLQGGDEHL WURW]JOHLFKHQ)DUERUWHVGHXWOLFKXQWHUVFKLHGOLFK$XIJDEHGHV3UR
EDQGHQZLUGHVVHLQGLHEHLGHQ+lOIWHQGHV7HVW]HLFKHQVDXI*OHLFKKHLW]XEHZHUWHQ

$EE5DVWHUGHUDE]XIUDJHQGHQ)DUE|UWHU
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)UGLH'XUFKIKUXQJGHU9HUVXFKHZLUGHVYHUVFKLHGHQH.RPELQDWLRQHQDQ6SHNWUHQPLW
XQWHUVFKLHGOLFKHQ3ULPlUZHOOHQOlQJHQJHEHQ$XHUGHPZLUGPLWGHU8PIHOGOHXFKWGLFKWH
GHU(LQIOXVVYRQ6WUHXOLFKWLP$XJHYDULLHUW'LH)DUEHGHV8PIHOGHVZLUGZLH]XYRUEH
VFKULHEHQDQGDV7HVW]HLFKHQDQJHSDVVW
 3UREDQGHQ
%HL GHP ]XZlKOHQGHQ3UREDQGHQNROOHNWLY LVW GDUDXI ]X DFKWHQ GDVV HLQ]HOQH 3UREDQ
GHQJUXSSHQJXWDEJUHQ]EDUVLQG6RVLQGPLQGHVWHQV]ZHL$OWHUVJUXSSHQ]XZlKOHQZHO
FKH ]XU JHQDXHUHQ &KDUDNWHULVLHUXQJ DXI LKUH /LQVHQYHUJLOEXQJ XQWHUVXFKW ZHUGHQ 'LH
)DUEWFKWLJNHLWDOOHU3UREDQGHQZLUGYRUGHP9HUVXFKJHWHVWHW
8P GLH ,QWUDEHREDFKWHUVWUHXXQJ ]X HUPLWWHOQ ZLUG HLQH NOHLQH 3UREDQGHQJUXSSH PHKU
PDOV ]X XQWHUVFKLHGOLFKHQ7DJHV]HLWHQ XQWHUVXFKW $XHUGHPZHUGHQ EHLGH$XJHQ HLQ
]HOQJHWHVWHW
 )OLPPHUSKRWRPHWHU
=XU (LQVFKlW]XQJ GHU /LQVHQDOWHUXQJ ZXUGH HLQ )OLPPHUSKRWRPHWHU HQWZRUIHQ PLW ZHO
FKHPHVP|JOLFKLVWGLH9HUJLOEXQJ]XHUPLWWHOQ'LH3UREDQGHQZHUGHQLQ$OWHUVJUXSSHQ
VRUWLHUW XQG $EVFKlW]XQJHQ ]XU $XVZLUNXQJHQ DXI GLH )DUEZDKUQHKPXQJ JHWURIIHQ
>3|K@
 $XVZHUWXQJ
 %HVWH6SHNWUDOZHUWIXQNWLRQHQ
,P$QVFKOXVVDQGLH9HUVXFKHZHUGHQGLH$QWZRUWUDVWHUGHU3UREDQGHQIUGLHYHUVFKLH
GHQHQ 8PIHOGEHGLQJXQJHQ XQG 6SHNWUHQ DXVJHZHUWHW )U YHUVFKLHGHQH )DUEV\VWHPH
ZLUG GHU )DUERUW YRP5HIHUHQ]VSHNWUXP VRZLH GHU0LWWHOZHUW GHUPLW JOHLFK EHZHUWHWHQ
7HVWVSHNWUHQ EHUHFKQHW6RPLWZLUGGDVEHVWH)DUEV\VWHP IUGLH MHZHLOLJH3UREDQGHQ
JUXSSHHUPLWWHOW'DEHLZLUGDXFKXQWHUVXFKWZHOFKH9HUVFKLHEXQJGHU6SHNWUDOZHUWIXQN
WLRQ GHV 6=DSIHQV IU ZHOFKH $OWHUVJUXSSH GLH EHVWH hEHUHLQVWLPPXQJ ]ZLVFKHQ GHQ
JHPHVVHQHQXQGGHQZDKUJHQRPPHQHQ:HUWHQHUJLEW
 0HWDPHULHLQGH[IU/('V
8PGLH8QVLFKHUKHLWHQ]ZLVFKHQGHQ3UREDQGHQEHVFKUHLEHQ]XN|QQHQHUIROJWHLQH$QD
O\VHYRQ$XVGHKQXQJXQG2ULHQWLHUXQJGHUPLWJOHLFKEHZHUWHWHQ)DUE|UWHU-HZHLWHUGLH
3UREDQGHQXUWHLOHVWUHXHQXPVRJU|HULVWGHUHQWVSUHFKHQGH0HWDPHULHLQGH['LH,QGH[H
IU GLH0HWDPHULH IU YHUVFKLHGHQH%HREDFKWHUZLQNHO 8PJHEXQJVOHXFKWGLFKWHQ XQG$O
WHUVJUXSSHQ VROOHQ ]X HLQHP 5REXVWKHLWVPD IU GDV 6SHNWUXP YHUHLQW ZHUGHQ 'LHVHU
GUFNWDXVZLHVWDUNVLFKGLH:DKUQHKPXQJHLQHU/LFKWTXHOOHIUYHUVFKLHGHQH%HREDFK
WHUXQGXQWHUVFKLHGOLFKH%HWUDFKWXQJVEHGLQJXQJHQlQGHUW$XHUGHPJLOWHVDOOJHPHLQJO
WLJH5HJHOQ]XILQGHQPLWGHQHQDXFKQHXH6SHNWUHQEHZHUWHWZHUGHQN|QQHQ
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 $XVEOLFN
=LHO GHU 8QWHUVXFKXQJ LVW HV IHVW]XVWHOOHQ ZLH VLFK GLH 6SHNWUDOZHUWIXQNWLRQHQ IU YHU
VFKLHGHQH 3UREDQGHQJUXSSHQ XQG 9HUVXFKVEHGLQJXQJHQ XQWHUVFKHLGHQ )U LGHDOH
6SHNWUDOZHUWIXQNWLRQHQ N|QQHQ GLH $EZHLFKXQJHQ PLW HLQHP 5REXVWKHLWVPD ]XVDP
PHQJHVHW]WDXVPHKUHUHQ0HWDPHULQGH[HQEHVFKULHEHQZHUGHQ

'LH8QWHUVXFKXQJHQILQGHQLQ=XVDPPHQDUEHLWPLWGHQ3UD[LVSDUWQHU
265$02SWR6HPLFRQGXFWRUV*PE+XQG=XPWREHO/LJKWLQJ*PE+VWDWW
XQGZXUGHLP5DKPHQGHV3URMHNWHV81,/(',,)|UGHUNHQQ]HLFKHQ
1YRP%XQGHVPLQLVWHULXPIU%LOGXQJXQG)RUVFKXQJJHI|UGHUW
 4XHOOHQ
>6WR@ 6WRFNPDQ $ 3K\VLRORJLFDOO\EDVHG FRORUPDWFKLQJ IXQFWLRQV ,Q 6RFLHW\ IRU ,PDJLQJ
6FLHQFHDQG7HFKQRORJ\+UVJWK&RORUDQG,PDJLQJ&RQIHUHQFH)LQDO3URJUDPDQG
3URFHHGLQJV
>2SV@ 2SVWHOWHQ-5LQ]HPD*6WLHUXP$1HZ,QVLJKWVLQFKURPDWLFLW\DQGWROHUDQFHDUH
DVRIIOXRUHVFHQWODPSV5HSRUW/$
>&VX@ &VXWL 3 HW DO ,PSURYHG FRORU PDWFKLQJ IXQFWLRQV IRU EHWWHU YLVXDO PDWFKLQJ RI /('
VRXUFHV,Q&,(+UVJWK6HVVLRQ6±
>3RO@ 3ROVWHU61HXH6SHNWUDOZHUWIXQNWLRQHQIUGLHNRUUHNWH%HZHUWXQJYRQ/('6SHNWUHQ
XQG(LQIKUXQJHLQHV0HWDPHULH,QGH[IU%HREDFKWHUIHOGJU|HQDEKlQJLJNHLW'LVVHUWD
WLRQ,OPHQDX
>6DU@ 6DUNDU $ HW DO 7RZDUG 5HGXFLQJ2EVHUYHU0HWDPHULVP LQ ,QGXVWULDO $SSOLFDWLRQV 
&RORULPHWULF2EVHUYHU&DWHJRULHVDQG2EVHUYHU&ODVVLILFDWLRQ ,Q 6RFLHW\ IRU ,PDJLQJ
6FLHQFH DQG 7HFKQRORJ\ +UVJ WK &RORU DQG ,PDJLQJ
&RQIHUHQFH)LQDO3URJUDPDQG3URFHHGLQJV6±>@
>:HE@ :HEVWHU0 $0DF/HRG ' , )DFWRUV XQGHUO\LQJ LQGLYLGXDO GLIIHUHQFHV LQ WKH FRORU
PDWFKHV RI QRUPDO REVHUYHUV ,Q -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI $PHULFD  6
±
>6WL@ 6WLOHV:6%XUFK-013/&RORXUPDWFKLQJ,QYHVWLJDWLRQ)LQDO5HSRUW,Q,QWHU
QDWLRQDO-RXUQDORI2SWLFV6±
>3RN@ 3RNRUQ\-6PLWK9&/XW]H0$JLQJRIWKHKXPDQOHQV,Q$SSOLHG2SWLFV
6±
>1RU@ 1RUWK$')DLUFKLOG0'0HDVXULQJ&RORU0DWFKLQJ)XQFWLRQV3DUW,,1HZ'DWDIRU
$VVHVVLQJ2EVHUYHU0HWDPHULVP,Q&RORU5HVHDUFK	$SSOLFDWLRQ6±@
>6PL@ 6PLWK* HW DO&RORU UHFRJQLWLRQ DQG GLVFULPLQDWLRQ XQGHU IXOOPRRQ OLJKW ,Q$SSOLHG
2SWLFV6±
>6WR@ 6WRFNPDQ $ 3K\VLRORJLFDOO\EDVHG FRORUPDWFKLQJ IXQFWLRQV ,Q 6RFLHW\ IRU ,PDJLQJ
6FLHQFHDQG7HFKQRORJ\+UVJWK&RORUDQG,PDJLQJ&RQIHUHQFH)LQDO3URJUDPDQG
3URFHHGLQJV
>+DD@ +DDJ 6 +DUWZLJ 8 0 $XIEDX HLQHU 8QWHUVXFKXQJVNDELQH ]XU $EPXVWHUXQJ YRQ
/LFKWIDUEHQ3URMHNWVHPLQDU,OPHQDX
>3|K@ 3|KOHU 6%DWXFKWLQ , =KL 6 $XIEDX HLQHV)OLPPHUSKRWRPHWHUV ]XU8QWHUVXFKXQJ
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